In this paper we propose a macroblock skip-mode prediction algorithm to reduce the computational effort of video encoders. The algorithm classifies each macroblock as "skipped" or "not skipped" by estimating the energy of low-frequency quantized coefficients prior to coding, making it possible to significantly reduce computation by not coding these skipped macroblocks Results show that the algorithm can achieve substantial computational savings with only a small degradation in rate-distortion performance.
INTRODUCTION
Software-only video CODECs based on the H263 (1) and MPEG-4 (2) video coding standards are used in a wide range of applications. In real-time and/or powerconstrained applications, the performance of a video CODEC may be limited by the amount of processing power available as well as, or rather than, the available transmission bandwidth. Current software video applications typically control processor utilisation by dropping frames during encoding, resulting into "jerky" motion in the decoded video sequence. Hence, it is important to develop methods of managing the computational complexity of video CODECs.
Previous work on reducing computational complexity of video CODECs has included "fast search" motion estimation algorithms in Jain (3) and reduced complexity DCT algorithms in Skodras (4). Sun's paper (5) proposed to selectively calculate the DCT based on sequence statistics. In (6) we describe an algorithm that enables adaptive control of DCT complexity and a similar approach to motion estimation complexity is presented in (7) . The initial calculation of Sum of Absolute Differences (SAD) is reported in Yang et all (8) to reduce motion estimation complexity as well as DCT complexity. The results presented in these papers show that variable-complexity algorithms can reduce computational complexity, sometimes at the expense of increased distortion.
Many coded macroblocks (MBs) in an inter-coded frame have zero motion vectors (MV) and/or quantized coefficients (QCoeff). If these MBs with zero MV and no non-zero coefficients skipped macroblocks could be accurately predicted prior to encoding, all subsequent operations on these macroblocks could be avoided, saving considerable computational effort. This paper presents a macroblock skip-mode prediction algorithm that categorises MBs into two types, "skipped" and "not skipped", prior to encoding. Computational complexity can be reduced by not processing MBs that are expected to be skipped. The proposed algorithm provides a simple, controllable and robust method of managing computational resources. It can control the amount of reduced computation whilst minimising distortion due to occasional incorrect skipmode macroblock prediction.
DISTRIBUTION OF MACROBLOCK TYPES
Video sequences ("Carphone", "Mother and Daughter", "Foreman" and "Claire") were encoded using the H.263 test model encoder TMN8 (9) with a fixed quantizer step size. Coded MBs in P-pictures were categorised into four types: "skipped" (zero MV, no non-zero QCoeff), "MV=0" (zero MV, some non-zero QCoeff), "QCoeff=0" (non-zero MV, no non-zero QCoeff) and "other" (non-zero MV and non-zero QCoeff). Figure 1 shows the distribution of the four categories. Figure 1(a) demonstrates that the proportion of skipped macroblocks increases with quantizer step size and Figure 1 (b) shows that low-motion sequences contain a higher proportion of skipped MBs than high-motion sequences. It is clear from Figure 1 that a significant proportion of MBs are skipped. Predicting the skipped macroblock prior to coding could make it possible to save considerable computational resources. We propose a macroblock skip-mode prediction algorithm as follows:
1. Prior to encoding, classify each inter-coded MB as "skipped" or "not skipped" based on the local sequence statistics. 2. If the MB is predicted as "not skipped", carry out the usual encoding functions. 3. If the MB is predicted as "skipped", indicate the presence of a skipped MB in the bitstream; no further coding is carried out.
If a macroblock that should have been encoded is wrongly predicted as "skipped", the computational complexity reduction may therefore lead to increased distortion. However, we have argued previously (6) that a small reduction in PSNR is an acceptable penalty for reduced computation. Maintaining a consistent video frame rate through computational complexity management (at the expense of limited reduction in PSNR) is likely to be preferable to a "jerky" decoded video sequence due to an encoder dropping frames Song et al (10) .
MACROBLOCK SKIP-MODE PREDICTION ALGORITHMS

Predicting skipped MBs using SAD0 MB
Skipped MBs have zero MV and QCoeff. This means that (a) the closest matching region is in the same position in the reference frame and (b) the energy of the residual MB (after subtracting the reference region) is low. Both of these conditions are likely to be met if there is a strong similarity between the current MB and the same MB position in the reference frame. The energy of the residual MB formed by subtracting the reference MB (without motion compensation) from the current MB is approximated by SAD0 MB (sum of absolute differences for luminance part of macroblock, zero displacement) in Equation 1, where C c (i,j) and C p (i,j) are luminance samples from an MB in the current frame and in the same position in the reference frame, respectively.
The "Carphone" sequence was coded using the TMN8(9) CODEC with various quantizer step sizes. Figure 2 plots SAD0 MB /Q, the result of SAD0 MB normalized by Q(x-axis), against P(skip), the probability that a MB with a given SAD0 MB /Q will be skipped (yaxis). The plots of P(skip) in this Figure are smoothed with a moving average operator to facilitate comparison of the different sequences. Figure 2 indicates that low SAD0 MB /Q correlates with high P(skip) and so it may be possible to compare SAD0 MB /Q with a threshold (T sad0 ) to determine whether a given MB is likely to be skipped. An algorithm for macroblock skip-mode prediction is as follows:
IF SAD0 MB /Q < T sad0 THEN skip coding this MB and set MV and QCoeff to zero ELSE continue coding 3.2. Improving the accuracy of the prediction algorithm Figure 3 indicates that P(skip) is less than 1.0 in many cases and so the prediction algorithm described in the previous section may not produce the correct prediction for every MB. Whatever threshold value Tsad0 is chosen, there may be some MBs that have a value of SAD0 MB below this threshold but should not be skipped. Incorrect prediction by the algorithm will cause macroblocks to be erroneously skipped and increase distortion in the decoded video sequence.
Examination of MBs that fall into this category shows that these MBs often occur on the edges of moving areas. The residual (without motion compensation) typically contains a small number of high-valued samples, not enough to cause a significant increase in SAD but enough to produce non-zero quantized coefficients. In particular, the four low-frequency DCT coefficients (the DC coefficient and the 3 lowest AC coefficients) have large magnitudes.
A high-magnitude DC coefficient tends to produce a correspondingly high SAD0 MB (since the DC coefficient is proportional to the mean sample value of each block). However, the three lowest-frequency AC coefficient magnitudes are not reflected in the calculation of SAD0 MB . We therefore propose a low-complexity method of estimating the magnitude of these coefficients (without actually carrying out the DCT) and this is illustrated in Figure 3 . 
Choosing threshold T 4by4
The video sequences "Carphone", "Foreman" and "Mother and Daughter" were coded using the modified The "Carphone" video sequence was coded by the proposed algorithm using (a) T sad0 only and (b) T sad0 + T 4by4 . At each fixed quantizer, T sad0 was varied from low to high to parameterise the performance of the algorithm at a range of computational complexity values. Figure 4 plots the percentage of MBs "skipped" by our algorithm (x-axis) against the mean drop in PSNR (y-axis). This Figure shows that the algorithm using T sad0 + T 4by4 , produces better video quality than T sad0 alone. For example, using only T sad0 to classify macroblocks, the algorithm skips 40% of macroblocks at the expense of a PSNR drop of 0.5dB (for a fixed quantizer step size Q=8). Using T sad0 + T 4by4 , approximately 44% of macroblocks can be skipped with the same PSNR drop. Figure 5 shows the PSNR of each frame of "Carphone" with Q=8 and fixed thresholds T sad0 and T 4by4 giving 45% mean reduction in computational complexity. This Figure shows that T sad0 + T 4by4 consistently achieve better video quality than T sad0 alone, for a comparable reduction in computational complexity. Figure 7 plots the rate-distortion performance of the "Carphone" sequence using the H.263 TMN-8 ("Original"). Two methods (T sad0 only and T sad0 + T 4by4 ) are used to achieve two target complexity reduction levels (30% and 45% skipped macroblocks) and the corresponding rate-distortion curves are plotted in Figure 7 . The (T sad0 + T 4by4 ) algorithm outperforms the T sad0 algorithm at both complexity targets. Using the (T sad0 + T 4by4 ) method we can reduce complexity by 30% with a very slight degradation in rate-distortion performance. 
Rate-distortion performance
CONCLUSIONS
We have presented an algorithm to reduce computational complexity of a software video encoder by predicting MBs that are likely to be skipped. The proposed algorithm provides high accuracy of prediction of MBs through estimation of average and low-frequency residual energy. Experimental results show that our algorithm can deliver substantial computational savings (40-50%) with only a small reduction in rate-distortion performance. Future work aims to incorporate other classification methods with this algorithm and to examine the effect of adding a control algorithm (6) .
